ABSTRACT: Pedestrian-oriented transportation has recently emerged as an important issue to supplement transportation modes as a method to reduce traffic accidents and environmental pollution. Compared to the increasing attention, practical studies considering the transportation environment in Korea are very limited. As a first step for studying the service level of pedestrian environment, it is necessary to develop an objective and systematic evaluation scheme. This paper aims to develop the 'Green Score', an evaluation system, which can be used to compute and evaluate the service level of pedestrian environment. In this study, we focused on pedestrian axes associated with vehicle crosses for the evaluation. We applied the depth-based index used in space syntax theory in assessing the space structure in terms of the connectivity. For setting the weight values of evaluation criteria obtained from survey, we employed AHP (Analytic Hierarchy Process). The computed scores using these criteria are classified and normalized according to the levels of pedestrian dependency and, finally, displayed on a map. The proposed Green Score system is expected to be applicable in the visualization of pedestrian movements and the evaluation of convenience levels of pedestrian environment.
INTRODUCTION
For the field of city planning and transportation, sustainable development that considers the two concepts of development and conservation in harmony has recently been gaining popularity. The key to urban planning based on this new planning paradigm is constructing high-density cities tied to complex land use patterns and public transportation systems. As a method of dealing with problems caused by other means of transportation, such as traffic accidents or pollution, there is a growing use of green methods of transportation. An urban settlement environment that restrains an auto-based life style and encourages walking activities must be considered in urban planning and design. In particular, though research on Transit-Oriented Development (TOD) has recently emerged as an issue, most domestic studies have not been addressed comprehensive analysis or concrete inducement technique when it comes to effects of TOD. Therefore, decision support system which is able to create assistance in policy system by analyzing quantitative effect concerning major plan factors of TOD such as transit mode, LOS, density, diversity of land use, and pedestrian-friendly urban design focusing a transit center.
There have been a number of studies on pedestrian-friendly activities and their support of urban environments, disclosing their measurement indexes [5, 6, 7, 8, 9, 11, 12, 13] . Discussions of the concept of the pedestrian environment have focused on how many physical attractions a place has to induce walking. In other words, the major measurement parameters to explain pedestrianfriendly environments in street design are accessibility, connectivity, continuity, convenience, and safety. Among analytical methodologies, surveys on pedestrians are widely used to evaluate the pedestrian movement space. Therefore, the objective of this study is to develop a walkability evaluation scheme called Green Score that simplify pedestrian environment elements depending on types of walking space with a quantitative index, and evaluating and visualizing the overall degree (in terms of pleasantness and aesthetics) of pedestrian friendliness of the environment, as well as pedestrians' convenience and accessibility. We explain how we designed the depth-based index used in space syntax theory in assessing the space structure in terms of the connectivity, taking into consideration in existing methods related with pedestrian level of services in the following sections. As a case study, the walk score has been calculated to evaluate the spatial characteristics of pedestrian environments along with the facility characteristics of pedestrian networks in relation to the major subway stations, Sadadng, in Seoul, Korea.
Finally, we draw some findings in the conclusion
Design of Walking Environment Indices
This study has measured distribution of the traffic facilities and amenities as well as connectivity of the pedestrian networks quantitatively in order to perform comprehensive evaluation of the pedestrian environments. To design a pedestrian environment index, quantifiable parameters such as mobility, safety, convenience, pleasantness, and environment-friendliness were organized. Following parameters were selected and they are viewed to have the potential to be used as indexes for the development of GIS.
1) Walk Accessibility
In order to measure the connectivity of pedestrian networks, we have developed qualitative convenience factors using GIS and quantitative network connectivity indices in the Space Syntax Technique. Specifically, we used intelligibility, which is able to consider integration and connectivity from the outputs of the model simultaneously to quantify the levels of recognition and connectivity of the pedestrian networks.
The Space Syntax is based on spatial cognition and spatial behavior [3, 10] . Hart and Moor [2] defined spatial cognition as the cognitive representation concerned with spatial structure, factor and relative relation. Burnett [1] defined perception and cognition of the relation between the human and the surrounding environment as an intervening psychological process of human behavior. The main factor of spatial cognition and cognitive representation is sight. The basic factor of Space Syntax comes from visibility, how far we can perceive, and accessibility.
As shown in Figure 1 , this study follows the procedure outlined by Hillier and Hanson [4] . First, make a convex 
4) Street Design
The street design parameter is an important factor for right The evaluation results reflect whether each environmental parameter helps in walking. Pedestrian safety is integrated into street segment and intersection design, and the value ranges from 0 to 100 for each parameter
2) Measurement of Walk Accessibility
We performed an analysis of the geometric accessibility of each subway station using the Space Syntax Model, and the results of the analysis relate to spatial characteristics such as local integration, global integration, and intelligibility. If integration has a high value, fewer movement steps are needed from any space to the relevant space, allowing easy access. The results show that the pedestrian network of the newly developed area has high intelligibility with high recognition and prediction rates in the space. This is because most of the road networks have a mesh structure. Therefore, correlation analysis was conducted in order to identify the relationship between accessibility and road networks. Figure 7 shows the steps of Correlation analysis using Space Syntax Analysis at study area. 
Conclusion
In this study, we developed an evaluation index to measure and quantitatively evaluate pedestrian environmental factors in a city. In order to achieve this goal, we applied the depth-based index used in space syntax theory in assessing the space structure in terms of the connectivity.
For setting the weight values of evaluation criteria obtained from survey, we employed AHP (Analytic Hierarchy Process) to consider relative weights for convenient pedestrian facilities. The computed scores using these criteria are classified and normalized according to the levels of pedestrian dependency and, finally, displayed on a Web-based GIS map. The proposed Green Score is expected to be applicable in the visualization of pedestrian movements and the evaluation of convenience levels of pedestrian environment. Furthermore, this will be used to visualize walking patterns and predict evaluation results of pedestrian environment pleasantness and convenience.
